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Abstract 

Background: Amniotic fluid is an indicator of placental function on the fetal 
development. The amniotic fluid index is the most commonly used method of 
measuring amniotic fluid. 

Objective: The purpose of this study was to compare the pregnancy outcomes of a 
borderline versus normal AFI. 

Materials and Methods: This cross-sectional study was carried out on a total of 
235 pregnant women referred to Alzahra Medical Center between 2009-2011. 
Women with a singleton pregnancy in third trimester were enrolled into this study; 
of these subjects, 141 cases were in normal AFI group and 94 cases in borderline 
AFI group. Adequate information was obtained from the patients' medical record 
and the groups were compared on maternal and fetal complications. Data analysis 
was performed by using SPSS. 

Results: The mean maternal age in borderline AFI group was 25.96+5.92 years and 
in normal AFI group was 27.88+6.5 years (p=0.023). Maternal outcomes such as 
preterm delivery and labor induction in women with borderline AFI were 
considerably higher than those in normal group (p=0.01 and p=0.001). There were 
no significant differences between the two groups in terms of high blood pressure, 
preeclampsia, diabetes and neonatal respiratory distress. The borderline AFI group 
had higher rate of neonatal complications such as Apgar score of less than 7 
(p=0.004), IUGR (0.0001), LBW (0.001), and crucial need to NICU (0.003). 
Conclusion: Findings indicated that there are statistical differences between adverse 
outcomes in borderline AFI group and normal group. 
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Introduction 

Antenatal test is done to evaluate fetus 
health and the risk of adverse outcomes 
during the course of a pregnancy (1). 
Amniotic fluid is an important part of 
pregnancy which plays a vital role in the 
normal growth of the fetus and, promotes 
muscular-skeletal development and allows for 
easier fetal movement. 

Amniotic fluid assessment is an essential 
part of evaluation of fetus health in terms of 
fetal distress, meconium aspiration, 
caesarean and fetal mortality (2). The 
assessment of amniotic fluid volume is very 
crucial for the survival of the fetus and the 
Amniotic Fluid Index (AFI) is the most 
common way for the estimation of amniotic 
fluid volume which is performed by ultrasound 
method (3, 4). Studies have revealed that AFI 
is an accurate criterion for estimating 



adequate placental function (5). Amniotic fluid 
volume varies with gestational age, rising to a 
plateau between 22-39 weeks of gestation 
and reaching 700 and 800 ml, which 
correspond to an AFI of 14-15 cm (6, 7). Any 
decrease or increase in the volume of 
amniotic fluid leads to pregnancy 
complications (2). 

In most studies oligohydramnios has been 
defined as an AFI of 5 cm or less and its 
associated maternal and fetal complications 
are proven (8, 9). However, there are different 
views about the range of borderline AFI. In a 
study done by Phelan et al borderline AFI is 
defined between 5 and 8 cm (8, 10, 11). Also, 
Gumus and Miller have defined a borderline 
AFI as an AFI of 5.1-10(12, 13). 

In spite of different views on borderline AFI 
in different studies, there are, also, different 
views about its function and influence on 
maternal and fetal complications and medical 
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care for fetus health. In most reported studies, 
the pregnancies with borderline AFI of 5-10 
cm have shown outcomes such as non- 
reactive non-stress tests, fetal heart rate 
(FHR) deceleration, meconium aspiration, 
immediate caesarean delivery, low Apgar 
score, LBW, NICU admission and SGA in 
comparison with control subjects with normal 
amniotic fluid level (8.1-18 cm) (8-10, 14-16). 
Also the low amniotic index may increase the 
operative delivery rate (3). 

Also, according to Luo et al the pregnancy 
outcomes of a borderline versus normal AFI 
suggested no difference in the incidence of 
fetal distress or neonatal mortality, but the rate 
of caesarean delivery in borderline AFI was 
reported higher than the rate in normal cases. 
They evaluated 196 trails of labor with a 
borderline AFI (5.1-8) and 200 women with 
normal AFI (8.1-18) (17). Meanwhile, in 
another study, oligohydramniosis was shown 
to be associated with pregnancy 
complications but the diminished amniotic fluid 
volume doesn't seem to have any noticeable 
effect on anticipating the outcomes (18). 

Therefore, despite so many studies, the 
predicative accuracy of borderline AFI for an 
adverse pregnancy outcome is not absolutely 
definite and prenatal assessment in women 
with borderline AFI is not recommended (1). 
But most findings suggest that even though 
there is insufficient evidence or indication to 
begin antenatal testing, the results of 
borderline AFI should be carefully interpreted, 
and a diagnostic sonography should be used 
to confirm SGA and IUGR (1). More study is 
needed because of contradictions and 
insufficient evidence about delivery based on 
a borderline AFI. The current study aims to 
compare pregnancy outcomes of a borderline 
versus normal AFI after controlling 
confounding variables. 

Materials and methods 

This cross-sectional study was conducted 
on pregnant women referred to Alzahra 
Medical Center between 2009 and 2011. 
Women with a singleton pregnancy who were 
in third trimester (>28 weeks) were included in 
this study and outcomes were studied 
retrospectively after delivery. 

The gestational age was calculated from 
the first day of the last menstrual period or 
calculated by sonography before 12 weeks of 



gestation. Exclusion criteria were premature 
rupture of membranes, meconium aspiration, 
uterine anomalies and vaginal bleeding. 
Sample size was estimated with regard to the 
occurrence of intrauterine growth restriction in 
patients with borderline AFI in previous study 
(12) (power 80%, p=0.05). in total 94 subjects 
with borderline AFI in case group and 141 
subjects with normal AFI in control group were 
considered. 

Sonographic report made by one physician 
was used in order to determine the accuracy 
of borderline AFI. Women after childbirth were 
selected for the study from the Department of 
Obstetrics and Perinatal Intensive Care Unit 
for control group and case group, respectively. 
Normal amniotic fluid volume and borderline 
amniotic fluid were defined as 10<AFI<24 and 
5<AFI<10, respectively, and at least two 
sonographic assessments after 28 week were 
required to confirm borderline AFI (12). 

Adequate information was obtained by the 
data within the patients' medical record and 
factors such as gestational age, number of 
births, number of pregnancies, pregnancy with 
diabetes, high blood pressure(blood pressure 
>140 mmHg systolic and/or >90 mmHg 
diastolic, twice, at least 6 hours apart or not 
more than one week apart), preeclampsia, 
pregnancy and prenatal outcomes 
(Intrapartum fetal distress, preterm birth or 
birth under 37 weeks, induction, 5-minute 
Apgar score, birth weight, ICU admission and 
fetal growth restriction) were analyzed and 
recorded. The approval letter was obtained 
from Guilan University of Medical Sciences 
Ethic Committee. 

Statistical analysis 

Data analysis was performed by using SPSS 
version 16, and Independent T-test was used 
to make a comparison between quantitative 
variables of two different groups, and Chi- 
square or Fisher- Exact-test for categorical 
variables. We used Logistic regression model 
to adjust for confounding variables in addition 
to AFI for each adverse outcome. 

Results 

A total of 235 eligible women were enrolled 
into this study. Of these subjects, 94 were in 
borderline AFI group and 141 were in normal 
AFI group. Baseline characteristics of the 
study participants are illustrated in table I. 
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There were no statistically significant 
differences between the two groups for 
gravity, parity, gestational diabetes mellitus, 
hypertension and preeclampsia (Table I). In 
control group, the mean of mother age (Y) 
was significantly higher than in the border AFI 
group (p=0.02, Table I). 

Occurrence of preterm labor and Induction 
of labor as maternal outcome in border AFI 
group were significantly higher than in the 
control group (p<0.001, p=0.017 respectively, 
Table II). Among neonatal outcomes, apgar 
score<7 at 5 min, neonatal intensive care unit 
(NICU) admission, intrauterine growth 



restriction (IUGR) and low birth weight (LBW) 
in Border AFI group were significantly higher 
than in the control group (p<0.01 , Table III). 

A total of 13.8% of border AFI group and 
6.4% of control group showed respiratory 
distress syndrome (RDS); But this was not 
statistically significant (p=0.067, Table III). To 
adjust for confounding variables, we include 
mother age in addition to AFI in the logistic 
regression model as independent factor. The 
risk of each adverse outcome showed an 
obvious increase in association with 
borderline AFI after adjusting for maternal age 
(Table IV). 



Table I. Background characteristics of study groups 




Borderline AFI (n= 94) 


Normal AFI (n= 141) 


p-value 


Mother age 


25.96+5.92 


27.88±6.5 


0.02 


Gravity 

1 


58 (61.7) 


72 (51.1) 


0.14 


2 and more 


36 (38.3) 


69 (48.9) 




Parity 

0 


64 (68.08) 


82 (58.15) 




1 


23 (34.04) 


46 (32.62) 


0.23 


2 and more 


7 (7.44) 


13 (9.2) 




Gestational DM 


4 (4.3) 


9 (6.38) 


0.57 


HTN 


8 (8.51) 


8 (5.67) 


0.43 


Preeclampsia 


6 (6.4) 


5 (3.5) 


0.35 



Data are mean + SD or n (%) as appropriate. AFI indicates amniotic fluid index; DM: diabetes mellitus; HTN: hypertension. 
p<0.05 is considered significant. 

Independent t-test was used for analysis of quantitative variables and chi-square test for categorical variables. 



Table II. Comparison of maternal outcomes in study groups 





Borderline AFI [n= 94 (%)] 


Normal AFI [n= 141(%)] 


p-value 


Preterm labor (<37week) 


38 (40.4) 


21 (14.9) 


0.0001 


Induction of labor 


21 (22.34) 


15 (10.6) 


0.017 



Data are frequency (percent). 
P<0.05 is considered significant. 

Chi-square test was for analysis of categorical variables. 



Table III. Comparison of neonatal outcomes in study groups 




Borderline AFI [n= 94 (%)] 


Normal AFI [n= 141 (%)] 


p-value 


RDS 


13 (13.8) 


9 (6.4) 


0.067 


AS <7 at 5 min 


19(20.2) 


10(7.1) 


0.004 


NICU admission 


14(14.9) 


5 (3.5) 


0.003 


IUGR 


25 (26.6) 


5 (3.5) 


0.0001 


LBW 


45 (47.87) 


29 (20.56) 


0.0001 



Data are frequency (percent). RDS indicates respiratory distress syndrome; AS: apgar score; NICU: neonatal intensive care unit; IUGR: intrauterine 
growth restriction; LBW: low birth weight. 
p<0.05 is considered significant. 

Chi- square test was used for analysis of categorical variables. 
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Table IV. The adjusted OR for each prenatal outcome for AFI 



Adjusted OR CI (95%) p-value 



IUGR 


AFI 
Normal 


1 








Borderline 


9.85 


(3.61-26.86) 


0.001 


NICU admission 
AFI 










Normal 


1 








Borderline 


4.76 


(1.65-13.7) 


0.004 


Preterm labor 

AFI 










Normal 


1 








Borderline 


3.87 


(2.08-7.20) 


0.001 


AS<7 at 5 


min 

AFI 
Normal 


1 








Borderline 


3.32 


(1.46-7.51) 


0.004 


LBW 


AFI 

Normal 


1 








Borderline 


3.25 


(1.83-5.76) 




Induction 


AFI 

Normal 


1 








Borderline 


2.56 


(1.25-5.26) 


0.01 



OR indicates odds ratio; CI, Confidence Interval; IUGR, intrauterine growth restriction ; NICU, neonatal intensive care unit; AS: apgar score; LBW: 

low birth weight. 

p<0.05 is considered significant. 

Logistic regression (forward stepwise (wald) ) was used to adjust mother age. 



Discussion 

Many studies have been done to show the 
association of a borderline amniotic fluid index 
with some adverse perinatal outcomes and, in 
most findings, the occurrence of maternal and 
fetal complications was reported more often in 
pregnancies with borderline AFI than in those 
with normal AFI (1, 16). 

However, there were no specific perinatal 
cares or other care protocols for these 
patients and that could be because of different 
reasons such as the variations in the study 
designs, the likelihood of a borderline index 
varied from 6-44% and 25-35% and the 
absence of receiver-operating characteristic 
curve to determine the thresholds of adverse 
outcomes, and therefore, more research will 
be required to find out the effect of AFI on 
adverse pregnancy outcome (19-21). 

So in the present study, the maternal and 
fetal complications in women with borderline 
AFI were compared with complications in 
those with normal AFI among 235 pregnant 
women in Alzahra Hospital which confirmed 
the increased adverse perinatal outcomes in 
women with borderline AFI. Findings indicated 



that maternal outcomes such as preterm 
delivery and labor induction in women with 
borderline AFI were considerably higher than 
those in normal group and that was consistent 
with the findings in some other studies with 
the same results (3, 12, 16, 22). 

In addition, the borderline AFI group had 
higher rate of neonatal complications such as 
Apgar score of less than 7, IUGR, LBW, and 
crucial need to NICU and there were 
similarities between the findings of this 
research and the existing work of others. For 
example, Petrozella et al reported the rate of 
caesarean 24% and the birth weight below the 
third percentile 21%; or Banks considered the 
likelihood of IUGR up to 4 times greater, and 
Gumus et al found a higher rate of IUGR, 
LBW, Apgar score of less than 7 at 5 minutes, 
and NICU admission among women with 
borderline AFI which were in accordance to 
our results (3, 4, 13, 16). 

In current research, no significant 
difference was found in the incidence of 
respiratory distress between the two groups, 
whereas there was a significant difference 
among the patients with gestational age 
between 28 and 32 weeks which could be 
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because of premature births in this group. 
Also, in some other studies, there were 
increased incidences of respiratory distress 
among infants in the borderline AFI group and 
it was probably because borderline AFI was 
evaluated at lower gestational age, and as a 
result, prematurity was associated with 
respiratory distress (3, 12). 

The present study showed no statistical 
differences between the ratios of gravidity and 
parity in the two study groups; whereas, in 
Gumus et al and Voxman et al study, the 
groups were similar with respect to maternal 
age, gravidity and parity (4, 12). Also, the 
present study analysis showed no significant 
differences between the two groups in terms 
of high blood pressure, pre-eclampsia and 
diabetes for the mother and that was 
consistent with the results of Gumus et al. 
However, there were a significantly higher 
percentage of NICU admission in patients with 
normal AFI than in those with 
oligohydramnios. That appeared to be 
attributable to the higher percentage of 
women with diabetes in the normal AFI group. 
Then reanalysis of their data with exclusion of 
the diabetic patients resulted in no significant 
difference between the two groups (4). 

In our institution, infants with apgar less 
than 7 at 1 and 5 minute are routinely 
observed in the NICU after delivery and this 
may contribute to the higher rate of admission 
in NICU. Therefore, because of the fact that 
the findings in this study reinforces the 
increased pregnancy complications in women 
with borderline AFI, and because of the lack of 
a definite care protocol to care the patients, 
the physicians recommend that the patients 
have twice weekly sonography assessment to 
evaluate AFI and to permanently monitor the 
patients for IUGR and SGA and to take all 
necessary measures in order to avoid adverse 
perinatal complications (1, 23). Further studies 
are warranted to confirm the effect of AFI on 
pregnancy outcome. 

Conclusion 

In conclusion, due to such adverse 
outcomes mentioned in patients with 
borderline AFI and because there is no 
sufficient evidence and specific decision about 
delivery based on a borderline AFI, there 
should be a close observation and antepartum 



surveillance for them. Also further studies with 
prospective design are needed. 

Conflict of interest 

The authors report no conflict of interest 
related to this study. 

References 

1. Magann EF, Chauhan SP, Hitt WC, Dubil EA, 
Morrison JC. Borderline or marginalamniotic fluid 
index and peri-partum outcomes: a review of the 
literature. J Ultrasound Med 201 1 ; 30: 523-528. 

2. AN HS. Assessment of amniotic fluid index in normal 
pregnancy at a tertiary care hospital setting. J Ayub 
Med Coll Abbottabad 2009; 21 : 1 49-1 51 . 

3. Karim R, Jabeen S, Pervaiz F, Wahab S, Yasmeen 
S, Raees M. Decreased amniotic fluid index and 
adverse pregnancy outcome at term. JPMI 2010; 4: 
307-311. 

4. Voxman EG, Tran S, Wing DA. Low amniotic fluid 
index as a predictor of adverse perinatal outcome. J 
Perinatal 2002; 22: 282-1 85. 

5. Pankaj D, Purvi P, Anjali G. Decrease of amniotic 
fluid index in low- risk pregnancy. Any significance? J 
Obstet Gynecol Ind 2004; 54: 464-466. 

6. Magann EF, Chauhan SP, Bofill JA, Martin JN Jr. 
Comparability of the amniotic fluid index and single 
deepest pocket measurements in clinical practice. 
Aust NZJ Obstet Gynaecol 2003; 43: 75-77. 

7. Anderson D, Yang Q, Hohimer A, Faber J, Gi Raud 
G, Davi SL. Int r amembranous absorption rate is 
unaffected by changes in amniotic fluid composition. 
Am J Physiol Renal Physiol 2005; 288: 964-968. 

8. Phelan JP, Smith CV, Broussard P, Small M. 
Amniotic fluid volume assessment with the four- 
quadrant technique at 36-42 weeks' gestation. J 
Reprod Med 1 987; 32: 540-542. 

9. Rutherford SE, Phelan JP, Smith CV, Jacobs N. The 
4 quadrant assessment of amniotic fluid volume: An 
adjunct to antepartum fetal heart rate testing. Obstet 
Gynecol 1987; 70: 353-356. 

10. Kwon JY, Kwon HS, Kim YH, Park YW. Abnormal 
Doppler velocimetry is related to adverse pregnancy 
outcome for borderline amniotic fluid index in the 
third trimester. J Obstet Gynecol Res 2006; 32: 545- 
549. 

1 1 . Haas DM, Magann EF. External cephalic version with 
an amniotic fluid index <or =10: a systematic review. 
J Matern Fetal Neonatal Med 2005; 18: 249-252. 

12. Gumus II, Koktener A, Turhan NO. Perinatal 
outcome of pregnancies with borderline amniotic fluid 
index. Arch Gynecol Obstet 2007; 276: 17-19. 

13. Banks EH, Miller DA. Perinatal risks associated with 
borderline amniotic fluid index. Am J Obstet Gynecol 
1999;180:1461-1463. 

14. Baron C, Morgan MA, Garite TJ. The impact of 
amniotic fluid volume assessed intrapartum on 
perinatal outcome. Am J Obstet Gynecol 1995; 173: 
167-174. 

15. Akhter H, Guha K, Daisy KP. Amniotic Fluid Index in 
High Risk Pregnancies and Pregnancy Outcome. 
Dinajpur Med Col J 201 0; 3: 1-5. 



Iranian Journal of Reproductive Medicine Vol. 11. No. 9. pp: 705-710, September 2013 



709 



Asgharnia et al 



16. Petrozella LN, Dashe JS, Mclntire DD, Leveno KJ. 
Clinical significance of borderline amniotic fluid index 
and oligohydramnios in preterm pregnancy. Obstet 
Gynecol 201 1 ; 1 1 7: 338-342. 

17. Luo X, Huang Y, Liang R. [Analysis of 196 cases of 
trial of labor with borderline oligohydramnios 
assessed by ultrasound. Zhonghua Fu Chan 
KeZaZhi 1988; 33: 585-587. (In Chinese) 

18. Locatelli A, Zagarella A, Toso L, Assi F, Ghidini A, 
Biffi A. Serial assessment of amniotic fluid index in 
uncomplicated term pregnancies: prognostic value of 
amniotic fluid reduction. J Matern Fetal Neonatal 
Med 2004; 15: 233-236. 

19. Manslow AS, Sweeny AL. Elective induction of labor 
as a risk factor for cesarean delivery among low-risk 
women at term. Obstet Gynecol 2000; 95: 917-922. 



20. Cammu H, Martens G, Ruyssinck G, Amy JJ. 
Outcome after elective labor induction in nulliparous 
women: a matched cohort study. Am J Obstet 
Gynecol 2002; 186: 240-244. 

21. Ehrenthal SB, Jiang X, Strobino DM. Labor induction 
and the risk of a cesarean delivery among 
nulliparous women. Obstet Gynecol 2010; 116: 35- 
42. 

22. Ott WJ. Reevaluation of the relationship between 
amniotic fluid volume and perinatal outcome. Am J 
Obstet Gynecol 2005; 1 92: 1 803-1 809. 

23. Youssef AA, Abdulla SA, Sayed EH, Salem HT, 
Abdelalim AM, DevoeLD. Superiority of amniotic fluid 
index over amniotic fluid pocket measurement for 
predicting bad fetal outcome. South Med J 1993; 86: 
426-429. 



710 



Iranian Journal of Reproductive Medicine Vol. 11. No. 9. pp: 705-710, September 2013 



